Two trials were conducted aiming to determine the chemical composition, the digestibility of nutrients and energy from dehydrated cashew apple meal, as well as to evaluate the effects generated by including increasing levels (0, 10, 20, 30, 40 and 50%) of this ingredient in growing rabbit feed, on performance, carcass characteristics and economic evaluation. In the digestibility trial, were used 24 rabbits with 55 days of age, distributed in a completely randomized design with two treatments and twelve repetitions, being one reference feed and the other test feed, composed by 70% of the reference feed and 30% DCAM. The coefficients of the dry matter digestibility, crude protein and gross energy of the DCAM were, respectively, 67.79; 30.03 and 48.61%. The digestible dry matter, digestible protein and digestible energy, based on dry matter, were, respectively, 59.55%; 4.76% and 2,119.66 kcal/kg. In the second trial, 120 mixed breed rabbits were used, with an average of 45 days of age and weight 1143 ± 153g. The animals were distributed in a completely randomized design, with six treatments and ten repetitions with two rabbits of the same sex per cage. It was observed that the inclusion of DCAM did not affect (P > 0.05) the feed intake, but reduced (P < 0.05) the feed conversion efficiency, as well as a linear reduction in carcass yield. A quadratic effect on daily weight gain and the ratio meat/bone was observed, with better inclusion level estimated at 25.31 and 24.65%, respectively. The inclusion of DCAM linearly improved economic viability to the level of 50%, however not to harm the weight gain and the ratio meat/bone, it is recommended to include up to 25%. Key words: Alternative food. Anacardium occidentale L.. Cashew pulp. Economic analysis. Oryctolagus cuniculus. Productive yield.
Introduction
In the animal breeding as a business activity, the cost with food becomes high due to the corn dependence, soybean bran and especially alfalfa hay, since the inclusion of which rabbit feed aims to meet the requirements in fiber, however may represent over 40 % of the total cost of food in the growth phase (RETORE et al., 2010) , depending on the region. This demonstrates the need to evaluate alternative sources for this primary material, aiming, mainly, the knowledge of their nutritional value and the optimization of its use in the diets of these animals.
Considering the bromatological composition, some agroindustrial residues are potential substitutes for alfalfa hay or even as a main source of fiber in the diet, because of the composition of fibrous carbohydrates, and its use also contributes greatly to reducing the environmental impact that this residue entails when dumped inappropriately in the environment (LOUSADA JÚNIOR et al., 2006) . Among these residues, in supply conditions, there is the residue of the pseudo fruit cashew, obtained after the extraction of the cashew juice for human consumption, being also used pseudo fruits discarded by industry or those that were not used during the cashew nuts harvest (LOPES et al., 2005) . However, due to its elevated humidity level dehydration is necessary for the humid pomace to reach a humidity level that enables the grinding and conservation of this residue (TELES et al., 2010) .
Due to the variations regarding the origin of the primary material used and the different processes, it is observed that the pseudo fruit cashew meal may present variations in its bromatological composition (RAMOS et al., 2006) . Farias et al. (2008) , Azevedo et al. (2009) and Silva et al. (2011) , indicate the possibility of using dehydrated cashew apple meal as an alternative food in the feeding of poultry, pigs and sheep, however, the potential use of this ingredient as a source of fiber, particularly as a substitute for alfalfa hay in food for rabbits in the growth phase can also be noted.
Based on the considerations above, this study aimed to determine the chemical composition, the digestibility of nutrients and energy of the dehydrated cashew apple meal, as well as to evaluate the inclusion of increasing levels of this ingredient in food for growing rabbits in terms of performance, carcass characteristics and economic evaluation.
Material and Methods
The experiment followed the protocols approved by the Ethics Committee on Animal Research (CEPA 54/2013) of the Federal University of Ceará. They are in accordance with ethical principles in animal experimentation, adopted by the Brazilian College of Animal Experimentation.
The primary material to obtain the dehydrated cashew apple meal used in this study came from the Industry Ali Polpas, located in the city of Aquiraz-Ceará, in Brazil, and was obtained after the extraction of the pseudofruit's juice in continuous presses, called expeller, for the manufacturing of cashew pulp, which is composed by the skin and pulp from the remaining of the apple. The dehydration process used consisted in exposing the residue of the pseudo fruit cashew to the sun, under plastic canvas on cemented area for four days, flipping them in order to guarantee a harmonized drying and to prevent the fermenting of the material. After drying the residue from the pseudo fruit cashew, the grinding in a hammer mill and the sifting were followed to facilitate the ingredient's incorporation into feed.
A metabolism trial was conducted, in the experimental Rabbit Breeding Sector of the Federal University of Ceará, in Fortaleza -Ceará -Brazil, to determine the chemical composition, the nutrient digestibility coefficients and the digestible energy value of the dehydrated cashew apple meal, being used 24 mixed breed rabbits (White New Zealand x California), 12 males and 12 females, with 55 days of age and initial average weight of 1203 ± 57g, distributed in a completely randomized design, with two treatments and 12 repetitions, being one with reference feed (Table 1 ) prepared in accordance with the nutritional recommendations of De blas and Wiseman (2010) for rabbits in the growth phase, and the other with a test feed, in which the ingredient evaluated replaced the reference feed in a percentage of 30%, based on the natural matter. The animals were single-housed in metabolism cages, provided with automatic water nipple drinkers and semi-automatic feeders made of galvanized sheets. At the bottom, the cages had nylon mesh to collect the feces. The cages were installed in brick shed with a ceiling height of three meters, covered by a clay tile roof and screen sidewalls. The trial lasted eleven days, of which seven were destined for the adaptation of the animals to the facilities and the diets and four days for the fecal collection.
The animals received water and feed freely throughout the experimental period, being the ration feed provided twice a day. The feces collected daily, in the morning, were placed in plastic bags and then taken to the freezer at -18 °C. At the end of the collection period, they were homogenized and placed in a forced ventilation oven at 55 °C for a period of 72 hours, for pre-drying, to be weighed and ground afterwards, removing samples of the pre-dried material for analysis.
The analysis of the ingredients' DM, MM, CP, EE, NDF and ADF from the feed and feces were performed according to the methods described by AOAC (2005) , and the analysis of the energy was conducted in a calorimetric adiabatic bomb PARR Model 1241EA.
To determine the digestible protein (DP) contents and digestible dry matter (DDM), the DCAM, the equations of Matterson et al. (1965) were used and for the GE the equation of Villamide (1996) .
For the performance trial, 120 rabbits were used, emerged by cross-breeding females of the breed California X males of the breed White New Zealand, with 45 days of age and average weight of1143±153g, being 60 males and 60 females. The rabbits were housed, in same-sex pairs, in galvanized wire cages, with dimensions of 80 cm x 60 cm x 45 cm (length, width and height), with automatic water nipple drinkers and semi-automatic feeder made of galvanized sheets, installed in an open brick shed, provided with side protection screens, with 7.60 meters of width, ceiling height of 3 meters and covered with a clay tile roof.
The animals were weaned at 35 days of age and housed in collective cages, receiving water and commercial feed at will up to 45 days of age, when they were individually weighed, identified and distributed in experimental cages according to the weight so that all treatments maintained similar initial average weight.
The experimental design was completely randomized, with six treatments and ten repetitions, being the experimental unit composed of two animals. The treatments consisted in a control feed, based on corn, alfalfa hay, soybean bran and wheat bran, and the rest, with the inclusion of dehydrated cashew apple meal at levels of 10, 20, 30, 40 and 50%.
The experimental feeds (Table 2) were formulated to keep the same nutritional level in accordance with the requirements for growing rabbits WISEMAN, 2010) . The values of chemical composition and digestible energy of the dehydrated cashew apple meal determined in the metabolism trial were considered.
The feeds were pelletized in a pelletizing machine of the brand Silver Model CZ 350, steam, with aconditioner's average temperature of 70° C and capacity for 350 kg of feed per hour. A die with a diameter of 4.0 mm and pellet cutting with a 10 mm length was used.
Throughout the experimental period the animals received food and water freely.
For the measurement of the performance variables the weighing of the animals was conducted in the beginning and at the end of the trial period, as well as the remains of the experimental feeds, which were collected in plastic bags and quantified daily for correction of consumption. The data of average daily weight gain and averaged daily feed consumption were obtained by the difference between the results of the weighing and from this data the feed conversion was calculated. For the evaluation of carcass characteristics, at 90 days of age, all the rabbits were sent to slaughter. Initially the rabbits were weighed and subjected to fasting for 12 hours and, after this period, were weighed again to obtain the weight at slaughter which was carried out with stunning and bleeding by cutting the jugular vein. Subsequently, the skin, legs, tail and head were removed.
The eviscerated carcass, liver, kidneys, heart and abdominal fat were weighed to calculate the carcass yield and proportions of the parts.
The carcass yield (%) was obtained by the ratio of the weight of the eviscerated hot carcass and the rabbit's weight at slaughter and the final result was multiplied by 100. The relative weight data (%) of liver, kidneys and heart were obtained by the relation between the weight of the evaluated part and the live weight and percentage of abdominal fat was obtained by the ratio between the weight of the evaluated part and the hot carcass weight.
The hind legs were removed, weighed and dissected according to the method described by Blasco and Ouhayoun (1996) and the right led was used to obtain the relationship meat/bone according to the formula RC/O = , in which RC/O is the ratio meat/bone, Pca is the weight of the meat (g) and PO is the weight of bones (g), according to Rao et al. (1978) .
To verify the economic viability of including the dehydrated cashew apple meal in the feeds, it was initially determined the cost of the feed per kilogram The statistical analysis was performed using a statistical software Statistical Analysis System (2001) , and the statistical model utilized for the variance analysis was Yijk = µ + Li + Sj + LSij + eijk, where µ = overall mean; Li = effect of the level of inclusion of the dehydrated cashew apple meal (i = 0, 10, 20, 30, 40 and 50%) , Sj is the effect of sex (j = male and female), LSij = effect of the level of inclusion i on sex j; and eijk = effect of the error.
The degrees of freedom referring to the levels of inclusion of dehydrated cashew apple meal, excluding the reference feed (level zero of inclusion of DCAM) were broken down into polynomials, to establish the curve that best described the behavior of the data. To compare the results obtained with each of the inclusion levels in relation to the feed without the ingredient (0%), Dunnett's 5% probability test was used.
Results and Discussion
With the evaluation of the chemical composition of dehydrated cashew apple meal (Table 3) , it was verified that the values found are similar to the results obtained by Ramos et al. (2006) , Azevedo et al. (2009) and Leite et al. (2013) , with small variations that can be attributed to the fact that the composition of by-products can be influenced by the type and time spent on the processing applied and, in the case of food of plant origin, factors such as soil, climate, genetic variability and storage conditions of the food can influence its composition (FREITAS et al., 2005; BRUMANO et al, 2006; GOMES et al, 2007; NERY et al., 2007) .
The coefficients of apparent digestibility of dry matter, crude energy and crude protein, and experimental ingredients are in Table 4 . The value of 2,119 kcal of the digestible energy/kg obtained for the dehydrated cashew apple meal can be considered reasonable, due to its high content of crude fiber. It is also observed that this ingredient showed reduced DM digestibility coefficient, which can be due to the ADF content in the diet and to a greater amount of fiber, which tends to reduce the digestibility, since the rabbit's cecum is located after the absorptive system, unlike what occurs in ruminant animals. Therefore, not only the quantity but also the quality of the fiber incorporated into the diet, associated with starch content, can cause changes in the digestive physiology in this species. According to Faria et al. (2008) , the fiber also increases the digestive transit speed, making the enzymatic action in the small intestine difficult, which may have influenced the reduced value found for the DM digestibility coefficient. On the other hand, the value of the coefficient of the apparent digestibility for crude protein of DCAM (30.03%) was low, what indicates that the rabbits cannot take advantage, with good efficiency, of the nitrogen fraction of the DCAM, which can be explained by the presence of tannins in this by-product that can reduce the digestibility of the protein, carbohydrates and minerals, besides decreasing the activity of digestive enzymes, causing damage to the mucus of the digestive system or producing systemic toxic effects (SREERAMA et al., 2010) . According to Ramos et al. (2006) , the dehydrated cashew apple meal has high tannin content ranging from 1.04 to 1.80%. According to the results (Table 5) , there was no significant interaction (P>0.05) between the levels of inclusion of the DCAM and sex on the performance variables assessed.
The inclusion of DCAM in the feeds did not influence (P>0.05) the final live weight at 90 days of age and the average daily feed consumption, but promoted a quadratic effect on weight gain (Y = 20.465 + 0.2987X -0.0059X 2 ; R 2 = 0.86), indicating that, at this stage, the use of up to 25.31% inclusion levels of DCAM should not be recommended, because it decreases performance and worsens feed conversion ( Y = 3.49 + 0.011X; R 2 = 0.88), since for each 1% of inclusion of DCAM in feeds, there is an increase in the order of 0.011 in the feed conversion. During the experiment it was averaged environment temperature of 28.80 °C, 36.45 °C and 25.32 °C the maximum and minimum temperatures, respectively, with average relative humidity in the shed during the trial period of 62.13%. The environment's temperature is a factor that influences significantly the productivity of the rabbits, since these animals are warm-blooded and need to maintain a body temperature within a narrow range (15 and 25ºC) in order to develop and reproduce properly. In tropical climate countries, such as Brazil, the heat exposure is more problematic and its primary consequence is the reduction of food consumption (BANI et al., 2005) to decrease the production of metabolic heat and maintain homeothermia. Thus, the energy and nutrient consumption is dimished to levels that can compromise the productivity. Besides the reduction of food consumption, the heat exposure promotes direct effect over the rabbit's metabolism, what generates physiological stress, damages the immune function and reduces the rabbit's performance during the growth period (BANI et al., 2005) . In this trial, the rabbits probably spent more energy to thermoregulate themselves, consequently, the energetic use for growth was lower and this would explain the decrease of weight gain without variations on feed intake.
On the other hand, when comparing the results obtained with the different inclusion levels of DCAM in relation to those obtained with the feed without the ingredient, it was observed that rabbits fed with levels of DCAM from 30% consumed a larger amount of feed (P<0.05), possibly due to the fiber quality, since the biggest lignification of cell wall constituents stimulates the motility increase in the rabbits' cecum-colon region, leading to a greater rate of passage and more frequent consumption of food (ARRUDA et al., 2003a) . Moreover, the feed conversion and weight gain did not differ (P>0.05) for the results of rabbits fed with the control feed, possibly due to the maintenance of growth speed or weight gain at similar rates between the dietary treatments, reflecting the stability of feed conversion and the maintenance of nutrient use efficiency by regulating the consumption (DE BLAS et al., 1986; ARRUDA et al., 2003b) .
Reggarding the effect of sex on performance, it was observed that females showed better feed conversion (P<0.05) than the males, which can be understood by the shortest maturation of females, which tend to present a better food conversion rate and greater accumulation of abdominal fat when compared to males in the growth phase.
For carcass characteristics (Table 6) , it was observed that the inclusion of dehydrated cashew apple meal in the feeds, influenced significantly (P <0.05) the carcass yield, the ratio meat/bone and the proportion of the kidneys in the carcass. According to the regression analysis, excluding the control treatment, the carcass yield (Y = 55.63 -0.053X; R 2 = 0.59), decreased linearly with the addition of DCAM in feed. This result can be assumed due to the higher relative weight of the digestive system because of the greater occupation of the gastrointestinal tract as a way to compensate the lower energy intake, corroborating with the results obtained by Arruda et al. (2003b) , that found elevated feed conversion and reduced carcass yield with more fibrous feed, suggesting the effect on the digestion's traffic speed.
The ratio meat / bone (Y = 7.060 + 0.05423X -0.0011X2; R 2 = 0.53) showed a quadratic effect, with less meat deposition in the carcass due to the increase of DCAM levels, being these values proportional to the lower carcass yield, which reflect in a lower deposition of muscle in the carcass of these animals. The maximum estimated value of this variable occurred at the level of 24.65% of inclusion, stating that, until that level, the rabbits present higher percentage value of meat in carcass, decreasing from there on, probably due to the increasing fiber content, possibly for interfering with the absorption of nutrients.
Comparing dehydrated cashew apple meal inclusion levels to the treatment without the ingredient, it was observed that only for the level of inclusion of 50% of DCAM in diets there was a negative influence on carcass yield and meat deposition in the carcass of rabbits, decreasing the ratio meat/bone, which provides a reasonably good prediction of the rate of meat contained in the carcass, suggesting that the muscle protein deposit is lower when compared to the control treatment, because there is a reduction in the production of meat. The value of the ratio meat/bone ratio in the control treatment was lower than the one obtained by Oliveira and Lui (2006) , when also working with growing rabbits, who acquired a meat/bone ratio of 7.92.
For the relative weight of kidneys, on the other hand, there was a linear increase (Y = 0.526 + 0.002X; R 2 = 0.63) with the inclusion of DCAM in feed. According to Ngoshe et al. (2013) , it is a common practice in experiments with alternative food using the weights of some internal organs, such as liver and kidney, as indicators of toxicity. Bone (1979) reported that, if there is any toxic element in the feed, abnormalities would be observed in the weights of these organs and that this increase would be due to the increased metabolic rate of the organs in an attempt to reduce these toxic elements or antinutritional factors for non-toxic metabolites.
According to Ramos et al. (2006) , the pomace of the pseudo fruit cashew presents tannin levels ranging from 1.04 to 1.80%, which could result in increased kidneys, besides reducing the digestibility of protein, carbohydrates and minerals and decrease the activity of digestive enzymes, which may cause damage to the mucus of the digestive system or have systemic toxic effects (SREERAMA et al., 2010) .
Inherent effects in the sexual dimorphism on variables of carcass characteristics showed that females had a higher percentage of abdominal fat deposition compared to males. These data are in agreement with Ortiz Hernandez and Rubio Lozano (2001), who stated that the abdominal fat deposits tend to be higher in female rabbits. Table 7 shows the results of the economic analysis. Excluding the control treatment, it was noted that, with the inclusion of dehydrated cashew apple meal in feed for the growth phase, there was a linear reduction in the cost of feed per kg of weight gain (Y = 5,069 -0,052X; R2 = 0.99), linear increase in the economic efficiency ratio (Y = 43.46 + 0,109X; R2 = 0.99) and linear reduction in the cost index (Y = 199.22 -0,0299X; R2 = 0.99).
The inclusion levels of dehydrated cashew apple meal in feed for rabbits starting at 20%, resulted in lower cost with feeding and better EEI and CI for the animals fed the control feed, which showed a higher cost per kilogram produced and, consequently, the worst rates of economic efficiency and cost for rabbits between 45 to 90 days old.
The results obtained for the economic viability of the inclusion of dehydrated cashew apple meal in rabbit feed are similar to those reported by Farias et al. (2008) , who evaluated the inclusion of dehydrated cashew apple meal in feed for pigs and found a linear reduction in the cost of feeding, linear increase in the economic efficiency ratio and linear reduction in the cost index as the dehydrated cashew apple meal was included in the feeds. It is noteworthy that although the level of inclusion of 50% of DCAM in diets has better results in economic indexes, all the evaluated feeds containing the ingredient showed to be economically more efficient than the control diet, which is related to the fact that the cost of the by-product concerned is low, when compared to alfalfa hay.
Considering that, during the growth period, the weight gain and carcass characteristics of rabbits fed with an approximate level of 25% of inclusion of DCAM were similar to those of animals fed with the control feed (0%) and the rise of the inclusion of this ingredient in feeds improved the economic viability, it can be inferred that it is possible to include up to 25% of DCAM in rabbit feed destined for slaughter without changes in performance, corroborating with the values indicated by Fanimo et al. (2003) , who recommended levels of 20 to 30% of DCAM in feed for rabbits aged from 45 to 90 days.
Conclusions
The digestibility coefficients of dry matter, crude protein and gross energy of dehydrated cashew apple meal found were, respectively, 67.79; 30.03 and 48.61%. The digestible dry matter, digestible protein and digestible energy, based on dry matter, were, respectively, 59.55%; 4.76% and 2,119.66 kcal/ kg.
Performance data indicate that the pseudo fruit cashew meal can be added up to the level of 25% in growing rabbits feed and that the inclusion of dehydrated cashew apple meal improves the economic viability of the production.
